. 1998. Involvement of main and vomeronasal systems in modification of oestrous cycle in female laboratory mice. Acta Theriologica 43: 235-240.
Introduction

Material and methods
Adult virgin female and adult male mice from outbred stock bred in our laboratory (maintained as a closed population with maximum avoidance of inbreeding) were used for the experiments. They were maintained in polyethylene cages (28 x 15 x 10 cm) and fed a standard pelleted diet of Murigran (Bacutil, Motycz, Poland) and water. The fine wood shavings used for bedding was changed weekly. The animal room was kept on a 14:10 light to dark cycle initiated at 07:00, temperature 21-25°C and 20-60% relative humidity.
Females were isolated from males starting from the 24th day after birth and housed 8 to 10 animals per cage. Females were divided into 12 experimental groups at 8-10 weeks of age.
A total of 84 non-operated, 73 vomeronasalectomized (VNX), 79 sham operated (SHAM-OBX) and 53 bulbectomized (OBX) were tested. Surgeries were performed 2 weeks before being tested for their response to social stimuli. During the test 2 tested females were housed for 15 days either alone or with 8 intact mature females. They were transferred to a male-free room with changed photoperiod (lights on 12:00 to 2:00). The light schedule was changed because female mice are more sensitive to male pheromones during the dark phase (Marchlewska-Koj and Kruczek 1986). The mice were allowed two weeks to adapt to the new light schedule. Afterwards each female was transferred to a separate plastic box (9x9x7 cm) at 10:00 and exposed for 2 hr to clean bedding or bedding o f single reared adult male mice. The mouse was removed and returned to its own cage at noon. Each female was tested for 10 consecutive mornings. Male bedding was delivered to plastic boxes just before females were placed there.
Oestrous cycles were determined by vaginal smears immediately examined under microscope every day between noon and 13:00. The first day when the vaginal smear contained only cornified epithelial cells was considered as oestrus.
Surgical procedures and histological verification
All animals were anaesthetized with pentobarbitone sodium (0.1 ml/10 g body weight, Polfa, Poland). Surgical procedure were approved by the permission (No 29/95) of the Jagiellonian Univer sity Rector's Permanent Committee on the Bioethics of Animal Experimentation.
The vomeronasal organ was removed in a standard procedure described for prairie voles Microtus ochrogaster by . Briefly, the females were placed supine in a stereotaxic apparatus, the mouth was opened and a midline incision was made through the palate. A dental drill was used to remove the exposed bone and the vomeronasal organ was then extracted. The wound was closed with cyanoacrylate gel.
The bulbectomy was performed according to the technique of Leung et al. (1972) . The females were slaced in a stereotaxic apparatus, a cranial midline incision was made, and after removal of the rverlying cranial vault the olfactory bulbs were removed by aspiration. The residual cavity was filled vith gelfoam.
The anaesthesia and incision of the sham surgical procedure matched the bulbectomy procedure; ;he olfactory bulbs remained intact.
For histological verification of OBX and VNX the animals were deeply anaesthetized with aentobarbitone sodium and perfused through the heart with physiological saline followed by fixative 4% formaldehyde). The brains of the OBX females were carefully removed from the skulls and the jxtent o f bulb removal was microscopically checked. Only complete OBX animals were used for further analysis. The brains of all the VNX animals were removed and embedded in paraffin wax. rhe olfactory bulbs and frontal poles of the brains were serially sectioned in a horizontal plane at 10 |i.m and stained with Delafield's haematoxylin and eosin. VNX was verified by the complete absence of glomeruli in the accessory olfactory bulbs. Any data collected from VNX animals that had Dne or more glomeruli in the accessory olfactory bulbs were excluded from the analysis.
Statistical analysis
Log-linear analysis was used to test for three-way interaction between operation, social conditions, and the number of oestrus (Sokal and Rohlf 1981) . To get rid of low frequency cycling females with 0 sr 1 oestrus they were treated as one group and females with 2 or more oestrus were treated as another group. Differences in the number of oestrus within experimental groups were tested using Kruskal-Wallis test; subsequently, non-parametic post-hoc comparisons were made (Sachs 1984) .
Results
T he results o f the oestrous cycle observation during a 10 day period are sum marized in Table 1 . Log-linear analysis revealed a three-way interaction between operation, social conditions, and the number of oestrus (%2 = 2 2 .4 3 , d f = 6, Table 1 . Number of oestrus (mean ± SE) in non-operated (NON), vomeronasalectomized (VNX), sham-bulbectomized (SHAM-OBX), and bulbectomized (OBX) female laboratory mice. Two tested females were kept for 15 days alone per cage or with 8 intact females. Next, they were exposed to clean or male bedding during 10 days. Numbers of females tested in each surgery variant are shown in parentheses. Those means in the horizontal row marked by the same symbols differ signinicantly from each other: * -p < 0.05, ** -p < 0.01, *** -p < 0.001.
With 8 female Surgery Alone clean bedding -----------------------------------------------------------
clean bedding male bedding NOM 2.2 ± 0.6*** 1.2 ±0.6*** 1.6 ±0 .5 (30) (30) (24) VNK 1.8 ± 0.5*** 1.4 ± 0.9** 0.7 ± 0.6**, *** (23) (24)
SHAM-OBX 2.0 ± 0.5*, *** 1.2 ±0.7*** 1.5 ±0.5* (25) (26) conspecifics, which includes also some stressful activity, is a highly complex phenomenon and therefore it is not easy to identify precisely the causes that evoked endocrine responses.
